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Abstract. Semantics are an integral part of bibliographic (meta-)data 
including authority files. So far, however, there have been only 
rudimentary attempts to make those data visible on the Semantic Web. 
This paper presents a sketch of what (national) libraries will need to 
supply in order to allow for broad use of their data on the Semantic 
Web. The main points are persistent URIs for all entities, a set of well-
defined vocabularies to describe the data, and the provision of query 
interfaces suitable for the Semantic Web. In the final section three 
current projects from the German National Library are presented, in 
which the semantics of bibliographic data is presented using Semantic 
Web techniques. 
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Until fairly recently, libraries (including national libraries) tended to use their 
own formats and protocols when searching for and exchanging bibliographic 
metadata. With the rise of the World Wide Web and the HTTP protocol 
during the last decade, libraries have been busy creating on-line catalogues 
and library portals for the web. The interfaces and formats used here, 
however, were designed to be used by humans – patrons or other librarians – 
leaving the machine to machine communication the classic exchange formats 
like MARC or MAB over the well-established Z39.50 protocol. 
With students and scholars looking for more efficient ways to integrate 
bibliographic resources found when searching or browsing the World Wide 
Web, the provision of bibliographic (meta-)data using web formats becomes 
increasingly important. Tools like the Semantic Web mash-up platform Piggy-
Bank (PiggyBank, 2006) or the citation manager Zotero (Zotero, 2006) can 
collect and manage researched sources, but still depend on the data being 
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supplied in a supported format. So far, the collection of bibliographic meta-
data using such tools has been made by parsing the HTML-pages delivered by 
library OPACs, extracting the relevant data and converting it into a supported 
format like RDF – a process generally known as scraping. While this allows 
almost any web site to be captured and collected, it requires the writing of an 
adapter or screen-scraper, possibly causing interoperability problems with 
adapted versions of standard websites, e.g. when a library has tweaked its 
OPAC front-end in order to incorporate local or remote services. Further, the 
scrapers have to be installed and maintained causing extra efforts, especially 
for non-technical users. 
Libraries, especially national libraries, are in a unique position to supply 
accurate bibliographic metadata for their respective country’s cultural and 
intellectual production. In order to deliver this metadata in a format suitable 
for the (semantic) web, some issues will have to be solved. A non-exhaustive 
list would be: 
1. URIs 
2. Vocabularies 
3. Query interfaces 
The following sections will discuss those items in greater detail focusing on 
how they apply to national libraries. Finally, three current projects where 
Semantic Web techniques are being used in the German National Library will 
be presented. 
2 URIs 
URIs are one of the cornerstones of the Semantic Web, allowing for unique 
identification of each available resource, thus making it possible to refer to, 
annotate, or retrieve a representation of that resource. While all documents on 
the web implicitly have a URI, this is only partly true for library holdings. 
Since national libraries act as the legal deposit for a country, they are ideally 
suited for the task of assigning unique identifiers to all (print) media published 
within a country. How those identifiers should be defined is beyond the scope 
of this paper. However, to be useful for identification on the Semantic Web, 
they must adhere to the generic URI syntax and – ideally – have a 
dereferencing mechanism delivering a representation of the resource.1 
                                             
1 It is, however, obvious that urn:isbn and urn:issn are not suitable for identification 
purposes. ISBNs are often reused at the publishers’ liberty. The German National 
Library’s catalogue contains at least a few hundred instances where the publisher has 
assigned the same ISBN to (at least) two distinct publications. There is no reason to 
doubt that the situation is better in other national libraries. Further, ISBNs can only be 
used to identify publications that were originally assigned an ISBN, thus leaving us to 
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The national library would be responsible for coining URIs on at least the 
Expression and Manifestation levels of the FRBR (Functional Requirements 
for Bibliographic Records) scheme (and of course for the library’s own item). 
For modern literature the national library will also be responsible for creating 
an identifier for the Work entity; for older works this issue will have to be 
discussed. This way, the catalogue of a national library could be used as an 
authority file for a country’s literary and scientific production, allowing 
patrons as well as other libraries to relate to or annotate those resources. 
Similar approaches have been taken before, the first one probably being Casey 
Bisson in his blog post “Library Catalogs Should Be Like WordPress“ 
(Bisson, 2005) where he demanded that catalogue entries be identified by 
permalinks, and the possibility to add comments and tags to them. 
It has been pointed out, that permalinks from a single library only offers the 
possibility to comment on or tag a catalogue record from that library 
(Danowski, 2006). If, however, the library records relate to the national 
library’s authority record, comments and tags can be shared among instances 
of a particular publication. If the FRBR model is used, it will even be possible 
to differentiate the annotations between the physical items (“pp 50-55 are 
missing”), the manifestation (“a typographical error on p 238”), the 
expression (“the translator has totally misinterpreted the meaning of ‘synd 
om’”) or even complete works (“James Joyce’s ‘Ulysses’ is hard to read”). 
3 Vocabularies 
Once the identity of the publications is settled, we are confronted with the 
question how to describe those publications. For the description of persons, 
FOAF (FOAF, 2000) has established itself as the de-facto standard, but 
whereas SKOS (SKOS-CORE, 2005)2 has gained momentum and has been 
able to join the standardization efforts for the description of thesauri and 
taxonomies, there is no such obvious candidate for the description of either 
corporate bodies or bibliographic records. 
The basic properties of a bibliographic record are well covered through the 
Dublin Core vocabulary. There have been some issues identified concerning 
the representation of Dublin Core metadata in RDF (Nilsson, 2006) but these 
will probably be solved in the near future. 
For the representation of the bibliographic record itself the situation is less 
clear. In October 2006, the schemaweb site had less than ten registered RDF 
                                                                                                          
invent and implement yet another naming scheme for pre-1970 imprints. Similar 
issues apply to urn:issn. 
2 For a thorough discussion of the scope of SKOS, cf. (Miles, 2006) 
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vocabularies devoted to bibliographic description.3 An obvious candidate is of 
course the implementation of the FRBR model in RDF as suggested by 
Richard Newman and Ian Davis (Davis & Newman, 2005; also Gradmann, 
2004). The vocabulary models the group 1, 2, and 3 entities described by the 
FRBR report and the properties used for modelling the relationships between 
those entities. Although the FRBR model itself is being maintained, the 
current version of the RDF vocabulary dates from August 2005. Considering 
that there has been little FRBR-related activity on the mailing list (SW-BIB, 
2006) and that there seems to be no documents using the RDF vocabulary4 
raises the question whether this (well realized) RDF actually has a future. 
Libraries, and again particularly national libraries, definitely should 
participate in the discussion. As with all issues dealing with the transfer of 
bibliographic data, standardization work is one of the core issues of a national 
library. The international library scene currently views the adoption of MARC 
21 as the preferred exchange format.5 This format might be well-known and 
have certain advantages within the library community. For the representation 
of entities on the (semantic) web, the format is inconvenient since it does not 
adhere to the common semantics. Once, however, the RDF vocabulary is 
settled, an algorithm can be implemented to convert MARC(-XML) data to 
RDF.6 
4 Query interfaces 
In the last few years, the Z39.50 successor SRU/SRW has gained momentum 
as the new standard protocol for search and retrieval. With SRU/SRW 
building on well-established standards such as HTTP and XML the 
integration of queries and search results in (X)HTML pages can easily be 
accomplished. Other metadata transfer protocols like OAI-PMH likewise 
                                             
3 The registered vocabularies can be divided into general-purpose schemas like 
“Dublin Core”, “FRBR”, “bibTeX in OWL”, or “Digital Resource Terms”, whereas 
e.g. the “Agricultural Metadata Element Set”, or the “GEM Element Set” are more 
biased towards specific applications. 
4 As per 2006-10-24, a Swoogle (SWOOGLE, 2006) search for documents using the 
namespace http://purl.org/vocab/frbr/core# returned no hits.  
5 The German speaking countries have decided to discontinue the development of 
their exchange format MAB (Maschinelles Austauschformat für Bibliotheken) in 
favour of MARC21. The German National Library is charged with the task of 
translating the format description into German and map the semantics between the 
two formats. During the IFLA conference 2006, Croatia announced its decision to 
adopt MARC 21 as the preferred exchange format. 
6 The Library of Congress already offers an XSL stylesheet for conversion of 
MARCXML to RDF-encoded Dublin Core Simple (LoC, 2004). In some cases the 
algorithm might not be very straight-forward. Cf. (Harper, 2006). 
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build on existing standards, even though most implementations only support a 
subset of the protocol features.7 
Neither of those query formats, however, are compatible with the new 
Semantic Web standard query protocol SPARQL (SPARQL, 2006), and here 
lies probably the main obstacle for a library wishing to supply bibliographic 
or authority data over the Semantic Web. Whereas most native RDF databases 
support SPARQL queries, there is currently no ILS (integrated library system) 
offering this. There exist generic SPARQL implementations in several 
programming languages, as well as frameworks to map SPARQL queries to 
SQL in order to easily expose a relational database on the Semantic Web. It 
might be possible to use a similar technique to allow bibliographic databases 
to be queried on the Semantic Web by mapping incoming SPARQL queries to 
SRU/SRW and converting the query results to RDF before returning them. 
More research has to be done in this area to ensure the feasibility of this 
approach, and once that is done, the mapping between the SRU index names 
and the corresponding RDF vocabularies has to be taken up. 
5 Current Work in the German National Library (Hengel & 
Pfeifer, 2005) 
At the German National Library, there are currently several projects 
investigating the possibility of using and presenting the semantics of 
bibliographic metadata using Semantic Web techniques. 
5.1 Wikipedia 
The first one was a cooperative effort with the German Wikipedia (Hengel & 
Pfeifer, 2005). In early 2005 all biographic articles in the Wikipedia were 
enhanced with structured meta-data allowing direct linking to the catalogue of 
the German National Library. The linking can take place for the person as 
author (the literary production) as well as for the person as the subject of 
scientific discourse. 
This first project showed clearly the lack of and need for persistent identifiers 
for the entries in the German name authority file. With URIs and an 
appropriate resolving mechanism it would have been easy to construct a URL 
syntax for the linking from the Wikipedia to the catalogue. A separate 
software tool had to be developed, therefore, and integrated into the 
Wikipedia site to support the editors with this task. 
5.2 CrissCross 
The goal of the second project, CrissCross, is to create a multilingual, user-
friendly, thesaurus-based research vocabulary. To this end, the subject 
                                             
7 E.g. most client implementations of OAI-PMH don’t support HTTP basic or digest 
authentication. 
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headings of the Subject Heading Authority Files (SWD) are linked with the 
notations of the Dewey Decimal Classification (DDC). Multilingualism will 
be achieved by the linkage to equivalents in two foreign-language authority 
files, the Library of Congress Subject Headings (LCSH, in English) and 
Rameau (in French). It is based on the results of the MACS Project. Thus, 
patrons of German research libraries can access heterogeneously indexed 
documents without having to know the rules of the respective national or 
international access tools. 
The linking between the thesauri is managed within the library’s ILS, but the 
mapping will eventually be distributed using a Semantic Web-enabled format. 
A strong candidate would be the SKOS Mapping vocabulary (SKOSMAP, 
2004), an RDF ontology for describing mappings between thesauri. Currently, 
the vocabulary is not being developed, but it will evolve further as soon as the 
SKOS Core vocabulary has been settled. It can also be expected that the 
further development of SKOS Mapping will take into account the conclusions 
and experiences from part four of the upcoming British Standard BS 8723 
(BS8723, 2006) and the SKOS Mapping vocabulary. 
This project has several similarities to the HILT project from the University of 
Strathclyde (Nicholson, Dawson & Shiri, 2006), where several English 
thesauri are mapped to each other using the Dewey Decimal Classification as 
a backbone. Even though there are some differences in the planned software 
implementation and the vocabularies used for describing the mapping 
relations, we expect to benefit from their experiences. 
5.3 A viewer for the German Subject Heading Authority File 
(SWD) 
During 2006, the department for subject cataloguing at the German National 
Library proposed the development of a lightweight, web-based viewer for the 
German Subject Heading Authority File (SWD). Its main purpose would have 
to be to visually present the different kinds of relations between the entries in 
order to help the indexers to maintain and develop the thesaurus. 
Within the IT department this was seen as a possibility to experiment with 
Semantic Web techniques for representing the thesaurus data. Parallel to the 
(X)HTML view, an RDF/XML-representation of the authority record can be 
requested. The RDF representation relies heavily on SKOS as the core 
vocabulary with elements from Dublin Core as well as some elements in a 
proprietary namespace. The implementation of a SPARQL interface is being 
investigated but not yet decided upon. 
6 Conclusions 
With their large collections of semantically valuable bibliographic and 
authority data, libraries, and especially national libraries, can make immense 
National Libraries and the Semantic Web… 
 
107
contributions to the Semantic Web – if their data can be supplied in an 
interoperable format. The adaptation of the library data formats and practices 
to the semantic will require planning, resources and – given the continuous 
development of the Semantic Web – quite some courage. However, the final 
feasibility can only be verified (or falsified) by a test involving real data. The 
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